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Enhancement of MHC class 
I-restricted peptide-specific T cell 
induction by a DNA prime/MVA boost 
vaccination regime 




T. Hiinkc='§, T.J. Blanchardt, J. Schneider*. CM. Hannan^, M. Beckert, 
S.C. Gilbertt A.V.S. Hill*, G.L. Smitht and A. McMichael* 

Human immunodeficiency vims (HIV) vaccine candidates were previously constructed 
as a string of cytotoxic T lymphocyte (CTL) epitopes delivered and expressed using 
DNA and modified vims Ankara (MVA; an attenuated vaccinia virus) vectors. These 
vaccines were shown to induce interfi'ron (IFN)-y-producing and cytolytic CD8^ T 
cells afier a single vaccine administration, hi the course of this work, irnnmnizatiofi 
protocols were sought which would improve the levels of induced HlV-specific T cells. 
It was found that previous immunological exposure to MVA reduced the efficie/uy of 
suhsequcfU priming and boosting using the satne vaccine vehicle. However, a condvned 
regime whereby the aninuds were first primed with the DNA vaccine and then boosted 
with MVA was the most potent protocol for the induction of both interfcron- 
y-producing and cytolytic T cells against two CTL epitopes simultaneously. The general 
applicability cjf this novel vaccination mediod for induction of major histocompatibility 
complex class /-restricted T cells is discussed. © 1QQ8 Elsevier Science Ltd. All rights 
resented 
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It is recognized that successful vaccines against many 
infectious diseases have to induce responses mediated 
by CDS" T cells. These lymphocytes participate in the 
organism's defense in more than one way. Firstly, they 
prevent pathogen reproduction by killing infected cells 
displaying on their surface 8- to lO-aniino acid residue 
peptides derived from microbial proteins bound to 
major histocompatibility complex (MHC) class I 
molecules'. Hence they are frequently designated 
cytotoxic T lymphocytes (CTL). Secondly, CDH^ T cells 
can secrete a variety of soluble factors such as inter- 
ferons (IFN)-v, tumor necrosis factors or chemokines, 
which directly or indirectly contribute to the control of 
infections. In particular, it was suggested by gene 
knockout studies that secretion of IFN-y is as 
important as perforin- or Fas-mediated killing for 
protection against cytopathic viruses". It is also recog- 
nized that for practical and/or safety reasons, subunit 



"Molecular Immunology Group, Institute of Molecular 
Medicine, University of Oxford. John Radcliffe Hospital. 
Oxford OX3 9DS, U.K. tSir William Dunn School of 
Pathology. University of Oxford. South Parks Road. Oxford 
OX1 3RE, U.K. tWellcome Trust Centre for Human 
Genetics. University of Oxford. Oxford OX3 7BN. U.K. 
ijAuthor to whom al! correspondence should be 
addressed. (Received 1 July 1997; revised version 
received 3 September 1997; accepted 9 September 1997) 



vaccines rather than vaccines based on whole inacti- 
vated or attenuated patht>gen preparations are likely to 
be the choice for some infectious agents such as human 
immunodeficiency virus (HIV), the etiologic agent of 
acquired immunodeficiency syndrome (AIDS). Subunit 
or epitope -based vaccines in general hold much 
promise for the development of new modern 
approaches u\ effectively controlling infectious 
diseases. Novel HIV vaccine candidates were 
previously constructed. These were designed as a gene 
designated Fl enctxiing a string of partially overlapping 
epitopes that are recognized by CTL. This gene was 
delivered using plasm id pTH DNA'^ or modified 
vaccinia virus Ankara (MVA) (Hanke ct ai.. submitted) 
as vaccine vehicles. Direct DNA inoculation is a 
method for cfHcient induction of both antibody and 
C^FL responses' "'. MVA is a strongly attenuated 
vaccinia virus strain which grows well in chicken 
embrv'o fibroblasts, but virtually lost its ability to repli- 
cate in tfiose mammalian cells, that have been 
tested""'^. MVA expresses an appropriate profile of 
virus-derived cytokine receptors (Blanchard c( al., 
submitted) and was proven to be safe when used in 
over I2U()(H) hunuins". The FI mulli-CTL epitope 
polypeptide consisted mostly of epitopes recognized by 
human and macaque CTL, but also contained one 
epitope rect)gnized by murine CTL. To be able to 
follow the induction of F cells specific for two different 
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epitopes, another polyepitopc gene containing one 
rt(isn\(H!tut)i~di:\'\\\:K\ rniiritie epitope''' was eoLiplet.1 to 
the 3'-entl of fl gene to generate gene V\W\ It was 
demonstrated tlntt a single intramuseuiar (i.ni.) vaccin- 
ation using naked' DNA consistently induced cytolytic 
and I FN- "/-producing T cells specilic tor hoth HIV and 
P/{isnt(Hlita>i epitopes'. Similarly, a single intravenous 
(i.v.) or i.ni. administrations of MVA induced epilt^pe- 
specitic V cells that lasted tor at least 55 days (Manke cf 
iiL. sul^niitted). In this study, the possibility of succes- 
sive prinie-bcH)st immunizations to augment the CDS' 
T cell indue! i(»n was explored and one superior vacein- 
atii>n regime was idetitihed. 



MATERIALS AND METHODS 

Preparation of DNA vaccines and DN A immunization 

FMasniid DNA usetl tor immunizations was prepared 
using the Oiiigen Mega prep Columns according to the 
vendi>r's pr(»tocol. Five- to six-vveek-*)ld female Balb/c 
mice were injected int*» skeletal muscles as described 
previously*. Brielly, fur was reiTioved from both lower 
liind legs and the calf muscles were injected with 5(* y/l 
of l(t M eardit>toxin, a ^^itbamino acid- residue peptide 
isolated from Naja /iiiiric(t/li,\- vent.)m (l^atctxan. France) 
resuspended in iiV^r NaCI to induce muscle regenera- 
tion causing ati increased DNA uf^take. Six days later, 
total of MM) //g of plasmid DNA in endotoxin-free 
[ihosphate-buffered saline (PBS; Sigma) was injected 
into the same muscles. Fifteen days after the Hrsi 
imiuunizalion, mice were reinjected into the same sites 
with half the amount of cardiotoxin und reimmuruzed 
using H)() ;/g of DNA 0 days later. For MVA botisting. 
mice were injected intt) the same sites 21 tiays after the 
lirst vaeeinati(.>n with 1 (>'' (>laque-forming units (p.f.u.) 
of MVA. i.e. at the same time lis the second DNA 
vaccination. All injections were carried out imder 
ge n e ra I anaesthesia. 

Preparation of the MVA vaccine stocks and MVA 
immunization 

Bulk stocks of the recombinant MVA were grown i>n 
primarv' chicken embryo fibroblast (CEF) ceils 
cihtained from the eggs of a specific pathogen-free 
llock. MVA was purified by centrifugal ton of 
cytoplasmic extracts through a 36 (w/v) sucrose 
cushion in a Beekman SW28 rotor at 1 3 500 rev. min ' 
for <S0 min (Flanke c/ a/., submitted). The virus stock 
litres were determined using CEF cell monolayers. 
Five- to six -week -old female Balb/c mice were injected 
into their calf muscles with total of lO' p.f.u. of MVA 
in sterile f*BS. Reimmunizations with DNA t>r MVA 
were carried out in the same manner as described 
above tor the DNA ifijection except that the full dose 
of 50 //I of 10 ' M cardiotoxin was used for the DNA 
boost as tfiis was the first cardiotoxin treatment of 
these animals. All injections were carried tuit under 
general anaesthesia. 

C TL cultures 

Ten days after the last immunization, spleens were 
removed and pres.scd individually through a cell 
strainer (Falcon) using a 2-ml syringe rubber plunger. 



TUc splenctcytes were washed twice, suspended in 10 rnl 
I ^ f I.A m p h t >cy t e m e el i u m ( R P Ml \( i4t ) s u [if > le m e n t c d 
with IfKV fetal buvine seium (FBS). penicillin /strepto- 
mycin, 20mM HEPtiS and 15 niM /^niercaptoelhanol| 
and incubated with 2 /(g ml ' t>f peptide(s) in an 
humidihed incubator in 5^--r CO: al M C f*»r 5-6 days. 
The two peptide epitopes used throughout this studv 
were RGPGRAFVTI derived from HIV-I and 
restricted by ll-2D"\ and pb') epitope SYIPSAEKI 
derivcti from hcri^ha and restricted by H-2K'^ 



Target cells and standard "'Cr-release assay 

The et lector cells were diluted twofold in U -bottom 
wells (^;6-well plate: Coslar) to yield 100: L 50:1 and 
25:1 elfector to target ratios. Five thousand 
"'Cr- 1 a be led PS I 5 cells in a medium containing 10 M 
peptide was then added to the ct lectors and incubated 
at 37'-C for 4 h. Spontaneous and tt)tal chromium 
releases were estimated from wells, in whicfi the target 
cells were kef)l m a medium alone or 5^V I riton X-lOO, 
res[K'etively. The [percentage specilic lysis was 
calculated as [(sample release — spontaneous release)./' 
(total release - 

spontaneous release)] x 100. The spontaneous release 
was Unver than of the total c.p.m. For the net 

percentage release, the no-pep tide background percent 
lysis was subtracted from tlial of the assay well. 



CD4 and CD8 lymphocyte depletion 

Ninety six-well ELISA piates were ctiated with either 
rat anti-mouse CD4 (Serotech) or rat anti-mouse 
CD8>: (Serotech) mAb at IO//gml ' in PBS at 4°C 
overnight. Next day. wells were washed with PBS and 
3x10'' freshly isolated splenoeytes per ^Kvells were 
added, incubated in 5"^; COj at 37°C tor ] h. 1 he 
unattached cells were then uentiv removed and used in 
the ELISPOT assay. 



ELISF01 assay 

The enzyme-linked immunospot (ELISPOT) assay 
for detection of IFN-v-releasing cells''* and its modihca- 
tion using specitic peptide stimulation"" were described 
previously. Nitrocellulose-backed 9(>-well plates 
(MAHA S45, .Vlillipore) were coated with 50 //I of 
15//gml ' of murine IFN-v-specihe niAb R4 (ATCC) 
overnight at 4 "C, washed f> x with PBS and blocked 
using a medium supplemented with 10^^ FBS at room 
temperature for I h. Two dilutions of normal or 
depleted fresh, or /// vitro restimulated splenoeytes and 
2 /ig ml ' i>f a speciHc peptide were then added into 
the wells and incubated at ^TC in 5''V CO: overnight. 
Splenoeytes without peptide were included to estimate 
the baseline numbeis c>f I FN-; - producing cells. The 
cells were washed 3 x with PBS. 1 //g (nl ' uf 
,secondar->' biotin-conjugated antibody XMG 1 .2 
(Pharmigen) was added and reacted at room tempera- 
lure for 5 h. I'he wells were washed 6x with PBS and 
alkaline phosphatase (AP)-labeled strepiavidin (Sigma) 
was added at 1:1000 dilution for I h. The wells were 
washed again (> x with PBS and the spots were 
developed by adding AP substrate 3.3'-diaminobcn/i- 
dine-lelrahydroehloride dihydrate (f:)/\B: Sigma), After 



440 Vaccine 1998 Volume 16 Number 5 

: <XP 41 06957 A__l_> 



BESTAVAILABI 

Combined DNA/MVA regime fd^Dd' T cell induction: T. Hanke et al. 



iLE cm 

MMVA reqime f^^D 



45 (11 in, the wells wore wiishcd with tap water, dried 
and the spots were et united under a disseetinn 
niierosei>pe. 

RESULTS 

Correlation between cytolytic and IFN-y-producing T 
cells 

RecDmhinanl viruses MVA.H and VIVA.HM. in 
whieh the 11 and HM designate respeetive HIV and 
eornhined VWV -Plasniodittfu polyepitope genes, were 
const rue ted in previous work and sliown ti» induce 
evlolytic and I FN-";-produeing T cells in mice after a 
single vaccine administration (Hanke ct nL, submitted). 
It was also sliown that there was a good L\>rrelation 
between the frequency of peptide-specihc cells 
producing I FN-/ in fresh splenocyies and the cytolytic 
activity t>f a 5 -day /// vitro peptide- rest imu la ted 
cultures. 

Here, it was first demonstrated that cells producing 
I FN-; detected in the ELISPOT assay are predomi- 
nantly CDS pt)sitive. Fresh splenocytes were either 
initreated or panned on anti-CD4 or anti-CD8 plates 
and incubated with the appropriate peptides. While the 
frequencies i>f IFN-y-producing cells in untreated and 
C l~)4-panned cultures were similar, CDS-panning signi- 
licantiy reducec) the number of positive si una Is (Fii^urc 
I). 

To gain more information on the relatii>nship 
[between cvtcitoxicitv and I FN-; production, peptide 
ELISPOT' and standard "Cr-rele ase assavs were 
carried out in parallel at days 0 and 6 c>f the splenocyte 
cultures. On day 0. a low background frequency of cells 
producing IFN--/ in the absence o\ a peptide was 
observet-l [Tiihlc /). There was a very low specihc 
cliromium release for the IlIV' peptide) killing activity 
when these splenocytes were added directly to pep tide- 
pulsed target cells. However, 4S(> or 404 of HIV or 
HusifH}diui}i peptide-specihc memory T cells per \\t 
splenocytes produced IFN-v upon peptide stimulation 
for 16 h. A h-day culture of splenocytes, which had 
been restiniulated with both the H-2iy-restricted HIV 
and H-2K''-rcstricted Piasmodium peptides, contained 
on average 43^^ of IFN-y-produeing cells per Il>'' cells in 
the absence of any further stimulation by peptide 
added into the ELISPOT wells. When peptide was 
added to the culture for 16 h, the frequencies of HIV 
and Plasmodium pcptide-rcsponsive cells increased 
approximately two to threefold and these same cultures 
displayed specific lyses of 46% and 27%. respectively. 



at effector to target ratios of 100:1. The incubation of 
naive splenocytes with peptides ctirresponding to MHC 
class l-restricted CTL epitopes yielded a very hnv 
background «.)f IFN-;- releasing cells (data not shown). 
1'hese data suggest that an activation of memory cells 
and their expansion to 200-3(10 effectors per 10'' of 
cells (no- peptide ELISPOT fret]uencies after 6- day 
rest imu I at ion with two peptides) are required for or 
accompanying the cytolytic activity. This expansion is 
also reflected in the increase of mem<)r\ T cells (6-day 
ELISPOT pe[^tide-induced frequencies). More detailed 
studies of the peptide-specihc po[Hilations are 
underway. 



P re-exposure to MVA decreases subsequent MVA 
vaccine imniunogenicity 

Although MVA is an attenuated vaccinia virus strain 
with a severely restricted replicative ability in mt>st 
mammalian cells, like other poxviruses, it has a ver\' 
complex gen<)me with more than 150 i>pen reatltng 
frames. nu)st of which will be expressed in 
MVA-infected cells. Immune responses against these 
proteins may occlude the induction of the desired 
responses specihc for the pathogen-derived antigens. 
To address these issues, single and double MVA.HM 
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Figure 1 IFN--; upon peptide stimulation is produced by CDS* 
spienocytes. Mice were immunized i.m. with 10''p.f u, of MVA.HM 
and the frequencies of IFN-; -producing cells in freshly-isolated 
untreated, CD4- or CD8-depteted splenocytes were determined in 
an ELISPOT assay 10 days after the immunization. Full bars and 
hatched bars indicate HIV and Plasmodium peptide specific T 
cells, respectively. Standard deviations are indicated (n = 2). 



Table 1 Correlation of peptide-specific responses determined by ELISPOT and standard -'Cr-release assays of fresh or 6-day in vitro 
peptide-restimulated splenocytes after MVA.HM immunization"^ 







ELISPOT frequencies'"* 






% Specific lysis' 


Splenocytes 


No peptide 


HIV 


Plasmodium 


HIV 


Plasmodium 


Fresh 

6'day peptide-restimulated 


10 f-7 
439 ±236' 


480 h 68 
10191256 


404 h 1 19 
606 ±201 


5±2 
46 ±2 


\ - 1 
27 - 6 



"A group of four mice was immunized with one dose of 10^ p.f.u. of MVA.HM i.m. and sacrificed 10 days later. 

'The mean number ± standard deviation of cells producing IFN-/ per 10'* splenocytes after a 16h incubation in the absence of (no peptide), 
or with HIV or Plasmodium peptides in the ELISPOT assay wells. 

'Data shown are the % specific lysis, mean ± standard deviation, at the effector to target ratio of 100:1 in a 4 h ^'Cr-release assay. Maximum 
no-peptide background release was 3%. 

This frequency represents the sum of HIV and Plasmodium peptide-specific T cells as the splenocytes had been in vitro restimulated with 
both peptides. 
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vaccinations were cornparcti tor their clhciciicy in 
intiucing cyK.ilytic and IFN-v-proJucing 1' lytnphocytcs 
specific lor the HIV and Plasinodiiinj epitopes. The 
s|)lenocyies were isolated 10 days alter the last 
immunization and cither tested unrestinuilated in an 
E LIS POT assay or after restiniulatiun /// vitn* tor 
5 days in a standard ^'Cr-rclcase CTL assay. It was 
found that a single MVA dose was on average as 
efficient as two MVA doses, altliough tlie booster 
improved the consistency of the CTL induction as 
shown hy the tighter error bars {Fii>urc 2-1 and B). The 
ELISPOT frequencies were slightly higher for the 
double imnuinization {Table 2). F^ecause the single 
versus double inniiunizatiiin protocol did not question 
the efticiency of priming in MVA-imnuine animals, 
mice were also hrsl immunized with MVA expressing 
cither the HIV poly epitope alone or an irrelevant 
antigen and then vaccinated with MVA.IIM. In the 
MVA.H/VIVA.HM schedule, the CTL responses 
induced against the HIV epitope were high, while the 
|:>riming of the Hlasniodiunt epitope in the 
MVA-ex posed mice was less efficient compared to 
both the single and double MVA.HM immunizations 
{Hi^iirc 2C). When animals were pre-exposed to an 
MVA expressing an irrelevant antigen and then vacci- 
nated with MVA.HM, the HIV peptide-specitic 
responses were attenuated relative to the VIVA-naive 
mice in both CTL activities {Fissure 2V)) and ELISPOT 
frequencies {Tai^lf 2). Thus, sequential vaccinations 
using the same ct>niplex vaccine vehicle decreased tiie 



vaccine immunogenieity both in terms tif priming new 
responses anti boosting the existing ones. 



I>NA prime- MVA boost is the most efficient regime for 
T cell induction 

A DNA vaccine pTI LHM was constructed previously 
and denu)nstrated to induce T cell specific for both the 
11 IV and PUismudiuni epitopes after a single i.m. 
adminislration\ This vaccine was employed in the next 
series of immunizations to ascertain whether a higher 
level of immunogenieity can be achieved using a 
combination of MVA and DNA vectors expressing the 
satne protein. Firstly, a C(.)mparison between single and 
double DNA vaccinations showed that using the DNA 
vaccine alone, the CTL responses are b(»ostable {Fii^itrc 
.iA and although this was not reflected in the 
ELISPOT frequencies of IFN-y-prtiducing cells 
[Table 3). The overall cytotoxic activity was somewhat 
lower in this series of immunizations than that 
observed previously' possibly due to animal variation. 
Finally, combined DNA/MVA vaccinations were 
carried out. It was established that the most potent 
regime for inducing T cells was to prime with the 
pTH.HM vaccine and boost with MVA.HM. This was 
best seen on the cytolytic activity elicited against the 
less efficient Plastnodiunt epitope (Figure 3D) and the 
highest average frequeneies of UKM) and 74S of tfie 
respective HIV and Flasmodium peptide- responsive 
cells per 10" of freshly isolated splenoeytes (Table 3). 
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Figure 2 CTL activities elicited by sequential MVA immunizations. Groups of Balb/c mice were immunized once or twice in a 3-week 
interval using 10-'p.l.u. of recombinant MVA vaccines. Mice were sacrificed 10 days after the last immunization, the splenoeytes from 
individual mice were isolated and separately restimulated with a mixture of the HIV and Plasmodium peptides for 5 days. The elicited 
cytolytic activities against the HIV (squares). Plasmodium (circles) and peptides were determined in an in vitro standard 4h ^'Cr-release 
assay using peptide-pulsed P815 cells as targets Each point represents an average percentage of net killing i- standard deviation (n = 4) 
at the indicated effector to target ratios. 
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DISCUSSION 

An ELISPOT assay using peptides corresptmding to 
deMned MHC elass I -restricted CTL epitopes is a 
simple, quick, sensitive and non-radioactive method for 
enumerating epitope-spccific release of IFN-y by 
individual CD8^ T cells in preparations of lympho- 
cytes"^'. Tah/e I shows that U) days following i.ni. 
immunization, quiescent memory cells are present in 
the central lymphoid organ which can be activated to 
produce IFN-y by addition of specific peptides. The 
frequency of cytolytic effectors is too low to detect lysis 
without an in vitro restimulation. The ELISPOT-deter- 
mincd frequencies t>f I FN-)'-producing cells in fresh 



Table 2 Induction of peptide-specific INF-/-producing spieno- 
cytes by sequential immunizations using MVA based vaccines 



Vaccination' 




In vitro stimulation'''' 


Week 0 


Week 3 


HIV peptide 


Plasmodium peptide 


None 


MVA.HM 


422+128 


212+94 


MVA.HM 


MVA.HM 


786 + 334 


238 + 106 


MVAH 


MVA.HM 


546 + 190 


102 ±86 


MVA.NP'' 


MVA.HM 


56 ±52 


64 ± 14 



'A total dose of lO^p.f.u. of recombinant MVA H or MVA.HM was 
administered into calf muscles under anesthesia. 
^Splenocytes were stimulated with 2 /ig ml ' of peptides in the 
assay well for 16 h. 

^The ELISPOT frequencies of IFN-: -producing celts are shown as a 
mean number + standard deviation {n = 4) of responding cells per 
10*" of freshly isolated splenocytes. 

"MVA.NP expressing the influenza virus nucleoprotein (NP) was 
used as an irrelevant MVA. 



unstimulated splenocyte cultures correlated lie re and in 
previous studies (ref. 3 and Hanke ct uL. submitted) 
with the levels of cytotoxic activity observed after a 
.*^-day in \i(ro peptide restimulation. It is relevant that 
under similar conditions 5(K:V of cells of a CD8" 
cytolytic T cell clone were detected to produce iFN-/ 
(Lalvani et a/., unpublished obser\'ations). Because tlie 
detection of IFN-)'-producing cells is more sensitive 
and quantitative than '''Cr-release cytotoxicity assay 
and the IFN-y secretion might be as relevant to pri)tec- 
lion as cytolytic activity, the ELISPOT assay represents 
a useful method for evaluating the success of vaccina- 
tions and complements the ^'Cr- re lease assay. 

Novel candidate HIV vaccines were designed as an 
array of human CTL epitopes delivered by a means of 
pi asm id DNA' or MVA (Hanke et tiL, submitted) 
vectors. Both of the vaccine vehicles were chosen for 
their acceptability for and potential safety in humans'\ 
Murine epitopes were included so that using the same 
vaccines, regimes for immunization can be optimized 
for an efficient CDH'' T cell induction in a small animal 
model prior to primate vaccinations. However, 
increasing of the DNA uptake by pre-trealing the 
myocytes with cardio toxin will nt.u be suitable for 
primate or human vaccination protocols. 

In the course of this work, it was found that 
previous exposure to MVA abates the imnumogenicity 
of MVA-based vaccines {Fissure 2 and Table 2), There- 
fore using MVA, the priming of tmiTiune responses in 
animals previously exposed to or vaccinated with MVA 
is less efficient and the benefit of subsequent MVA 
boosters decreases. Taking the advantage of having the 
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Figure 3 CTL activities elicited by a DNA vaccine alone or in a combination with MVA. Mice were immunized either with 100 ng of pTH.HM 
DNA or iC'p.f.u. of MVA.HM. The immune splenocytes were treated and the induced CTL activities were determined as described in 
Materials and Methods. Each point represents an average percentage of net killing - standard deviation (n = 4) at the indicated effector to 
target ratios specific for the HIV (squares) and Plasmodium (circles) peptides. 
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Table 3 Induction of peptide-specific INF , -producing spleno- 
cytes using DNA alone or in a combined regime with MVA 



Vaccination'^ 


In vitro stimulation'' 


Week 0 


Week 3 


HIV peptide 


Plasmodium peptide 


None 


pTH.HM 


70 t 60- 


100 ± 10 


pTH.HM 


pTH.HM 


56 ±26 


4 4 


MVA.HM 


pTH.HM 


306 ±78 


58± 16 


pTH.HM 


MVA.HM 


1.000 ±487' 


748 t 444'* 



'Total doses of 100 of pTH.HM DNA were injected into cardio- 
toxtn-pretreated calf muscles or 10^ p.f.u. of MVA.HM were injected 
into untreated muscles. All immunizations were performed under 
general anesthesia. 

°Splenocytes were stimulated with 1 fig ml ' of peptides in the 
assay well overnight. 

"The ELISPOT frequencies of IFN-.-producing cells are shown as a 
mean number ± standard deviation (n = 4) of responding cells per 
10^ of freshly isolated splenocytes. 

'The P values were 0.044. 0.044 and 0.088 for the pTH. pTH/pTH 
and MVA/pTH immunizations, respectively, relative to the 
pTH/MVA regime. 

-The P values were 0.085. 0.062 and 0.074 for the pTH. pTH/pTH 
and MVA/pTH immunizations, respectively, relative to the 
pTH/MVA regime. 



same antigen in two cl if to rent vaccine vehicles, 
eomliined vaccination regimes were employ eel and ime 
was iLlentified which induced high levels of CDS* T 
cells {Figure 2 and Tah/e J). In this protoct)!, the 
animals were primed with DNA and bu^sted with 
MV'A. Although only a modest statistical significance 
was achieved, there was a clear trend in the enhance- 
ment of the induced CDS+ T cell responses. Indeed, it 
was previously shown that the DNA/MVA regime and. 
in particular, the immimization with the HV1 polye pi- 
tope, resulted in an unexpectedly high levels of protec- 
tive etficacy (l(H)^v) agaii^st R bo^^fwi challenge 
(Schneider ct ai., submitted). To our knowledge, this 
sequence of immunizatii)ns is novel. There is published 
work involving himodal immunizations of mice and 
monkeys, which employed DNA priming and boosting 
with recombinant vaccinia viruses. However, these data 
either concerned antibody rather than CTL tnduc- 
titin'' ■ or the authors did not tibscrve any heneht in 
using this particuhtr sequence (Fuller c/ a/., in press), 
possibly because Western Reserve rather than MVA 
strain of vaccinia virus was used. We believe that the 
unique set of MVA-e.\ pressed cytt>kine receptors might 
be resptinsible for the difference. Augmentation of 
DNA elicited immune responses was also shown h)r 
bt>osts w ith purified protein subunits"'"^. 

Finally, a simultaneous increase in the intluction of 
T cells spccihc ft>r two CTL epitopes derived from two 
different pathogens is reported. It is reasonable to 
assume that this regime will be also effective for other 
CTL epitopes derived from other infectious agents or 
indeed tumor antigens and that it may be adopted as a 
general vaccitie strategy for induction t>f high levels of 
s |->e c i fi c C D S ^ T ce 1 1 s . 
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